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STORAGE STABLE POLYMDE PRECURSOR 
SOLUTIONS AND METHOD OF PREPARATION 

This invention relates to polyimide precursors and 
methods for their preparation. More particularly, it 
relates to storage stable solutions of polyimide precur 
sors, capable of conversion to polyimides under condi 
tions adaptable for composite formation. 

Polyimides are a class of synthetic resins notable for 
their high thermal and oxidative stability and solvent 
resistance. Because of these properties, they are particu 
larly promising for the formation of filled composites 
for use in the fabrication of such articles as engine parts 
employed at high temperatures. 
The most common method for preparing polyimides 

is by the reaction of tetracarboxylic acid dianhydrides 
with diamines. An intermediate in this method of prepa 
ration is the corresponding polyamic acid, in which the 

10 

15 

structural units are linked by amide groups each of 20 
which is paired with a neighboring carboxylic acid 
group. These polyamic acids are, for the most part, 
insoluble in common volatile solvents. Therefore, their 
preparation requires the use of a dipolar aprotic solvent 
such as dimethylformamide, dimethylacetamide, di 
methyl sulfoxide or N-methylpyrrollidone. - 
Upon baking of the polyamic acid solution after re 

moval of the aprotic solvent, conversion to the desired 
polyimide takes place. However, it is difficult to re 
move all traces of such solvents by reason of their high 
boiling points. In the formation of composites, remain 
ing traces of solvents can lead to voids in the final struc 
ture which adversely affect their physical properties. 
A second known method for preparing polyimides 

involves a first step of reaction of the dianhydride with 
an alcohol to form a diester in which each carboxylic 
acid ester group is paired with a free carboxylic acid 
group. Said carboxylic acid groups can then react with 
a diamine to form an intermediate which is converted 
upon heating to the polyimide. Various aspects of this 
method are disclosed in U.S. Pat. Nos. 3,312,663 and 
3,700,649, French patent No. 1,360,488, and the follow 
ing other references: 

Bell, Polymer Letters, 5,941-946 (1967) 
Serafini et al., J. App. Poly. Sci., 16, 905-915 (1972) 
Serafini et al., App. Poly. Symp. #22, 89-100 (1973) 
Serafini et al., Status Review of PMR Polyimides, 
ACS Symposium Series, 132, 15-24 (1980). 

Also relevant in this regard is copending, commonly 
owned application Serial No. 223,746, filed July 15, 
1988 now U.S. Pat. No. 4,874,835. 

It has been found, however, that the diester route to 
polyimides is not uniformly effective to producestorage 
stable precursor solutions. Many combinations of dies 
ters and diamines, in the form of solutions in the alco 
hols used to form the diesters, undergo at least partial 
precipitation upon storage. Even removal of the precip 
itate by filtration or the like does not always yield pre 
cursor solutions convertible to polyimides having the 
desired properties, since such polyimides are frequently 
found to be brittle. 
The present invention is based on the discovery of a 

specific class of tetracarboxylic acid dianhydrides and 
diamines which are convertible to storage stable poly 
imide precursor solutions under the above-described 
conditions, said solutions in turn being convertible to 
flexible polyimides upon heating. In particular, the dian 
hydrides may be converted to tetracarboxylic acid dies 
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2 
ters by reaction with alcohols. Solutions of said diesters 
and a specific class of diamines in said alcohols are 
storage stable and are readily convertible to flexible 
polyimides, suitable for composite formation. As used 
herein, "storage stable solution' means a solution which 
remains homogeneous at room temperature for periods 
of time longer than about four hours. The polyimide 
precursor solutions of the present invention frequently 
remain homogeneous for several months. 
One aspect of the present invention is a method for 

preparing a storage stable polyimide precursor compo 
sition which comprises blending, at a temperature up to 
about 50 C.: 

(A) at least one diamine selected from the group 
consisting of m-phenylenediamine, p-phenylenediamine 
and 4-aminophenyl ether; 

(B) a tetracarboxylic acid diester of the formula 

O 
I 
C-OZl 

Y o-EOI s i-oz 
O 2 

or a mixture thereof with a tetracarboxylic acid diester 
of the formula 

(II) 

Zlo-C C-OZl 

Z2O-C C-OZ2 
I 

O O 

said mixture containing up to about 50 mole percent of 
the diester of formula II; and 

(C) an amount of at least one alkanol of the formula 
ROH to provide a solution containing reagents A and 
B, or any reaction products of any of reagents A, B and 
C, in the amount of up to about 80% by weight; 

wherein R is an alkyl radical containing about 1-4 
carbon atoms, Y is a linear or branched alkylene radical 
containing about 1-6 carbon atoms, and one of Z and 
Z2 is R and the other is hydrogen. 

Reagent A used in the invention is at least one di 
amine selected from the group consisting of m- and 
p-phenylenediamine and 4-aminophenyl ether (also 
known as 4,4'oxydianiline). If a diamine mixture is em 
ployed, the proportions thereof are not critical, but it is 
frequently convenient to employ a mixture of two di 
amines in which each is present in the proportion of 
about 25-75 mole percent. The phenylenediamines are 
frequently preferred. Moreover, when a dianhydride 
mixture is employed as reagent B as described hereinaf 
ter, m-phenylenediamine or a mixture thereof with 4 
aminophenyl ether is frequently preferred. 

Reagent B is a tetracarboxylic acid diester of formula 
I, or a mixture thereof with a diester of formula II. In 
formula I, the Y radical is a linear or branched alkylene 
radical containing about 1-6 and most often about 1-4 
carbon atoms. Methylene and substituted methylene 
radicals are preferred, with isopropylidene being espe 
cially preferred. 
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The Zl and Z2 radicals are, respectively, R and hy 
drogen or hydrogen and R, wherein R is an alkyl radi 
cal containing about 1-4 carbon atoms. Thus, each car 
boxy-substituted aromatic ring has one carboxy group 
and one ester group. R is most often methyl or ethyl and 
preferably methyl. 

Preferred as diesters of formula I are those of the 
2,2-bis(4-(dicarboxyphenoxy)phenylpropane tetracar 
boxylic acids. Either the 2,3- or the 3,4-dicarboxy 
phenoxy isomer may be employed, with the 3,4-isomer 
generally being preferred. 
The diester of formula I may be employed in admix 

ture with a diester of formula II, which is a derivative of 
pyromellitic acid. Any such mixtures most often contain 
at least about 50 and preferably at least about 60 mole 
percent of the diester of formula I. 
The diesters used as reagent B may be prepared by 

reaction of the corresponding dianhydrides with at least 
one alkanol of the formula ROH. For this purpose, a 
solution of one or both dianhydrides in the alkanol may 
be prepared, about 5-30 moles of the alkanol being 
present per mole of dianhydride, and subjected to con 
ventional esterification conditions which typically in 
clude heating at reflux. 
Minor proportions of esters other than the diester 

may be present in reagent B, but they are not believed to 
contribute significantly to the invention. The facile 
formation of the desired diester is one reason for the 
employment of dianhydrides as opposed to tetracarbox 
ylic acids. 
Reagent C is an alcohol of the type employed for the 

preparation of reagent B. It is most often furnished by 
the excess alkanol used for esterification, although it is 
within the scope of the invention to add more alkanol 
after esterification is complete. The total amount of 
reagent C employed is sufficient to produce a solution 
containing reagents A and B, or any reaction products 
of said reagents with each other and/or with reagent C, 
in an amount up to about 80% and preferably 50-70% 
by weight. 

In the method of this invention, a mixture of reagents 
A, B and C is maintained at a temperature up to about 
50 C. in polyimide-forming proportions. Reagents A 
and B are typically employed in substantially equimolar 
amounts for a polyimide of high molecular weight. It is 
well known in the art that the proportions may be var 
ied in order to control the molecular weight of the 
product. The incorporation in appropriate amounts of 
conventional endcapping agents for molecular weight 
control, such as phthalic anhydride or aniline, is within 
the scope of the invention. 

Polyetherinide precursor compositions prepared by 
the above-described method are another aspect of the 
invention. The principal product therein is believed to 
be a polymeric amine salt of the tetracarboxylic acid 
diester. Its formation is frequently evidenced by a no 
ticeable thickening of the reaction mixture. 
The polyetherimide precursor compositions of this 

invention may be converted into polyetherimides by 
gently heating to remove excess alkanol by evaporation 
and form a prepolymer, and subsequently baking said 
prepolymer at a temperature in the range of about 
275-375 C. They are particularly adapted to the forma 
tion of composites by impregnation of typical fillers or 
reinforcing media such as glass fiber, polyester fiber, 
polypropylene fiber, cellulosics, nylon or acrylics. 
The temperature required to remove alkanol by evap 

oration will, of course, vary with the boiling point of 
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4. 
the alkanol employed. Under many circumstances, it is 
convenient to increase the temperature of the composi 
tion gradually to the baking temperature in a single 
operation. As the temperature increases, alkanol is re 
moved and a prepolymer is formed, principally by (at 
least in overall effect) dehydrating the polymeric amine 
salt to form a polyamic acid. With continued heating, 
the polyamic acid is itself dehydrated to form the de 
sired polyimide. 
The invention is illustrated by the following exam 

ples. All parts are by weight. 
EXAMPLE 1 

A solution of 5.2 parts (10 mmol) of 2,2-bis(4(3,4- 
dicarboxyphenoxy)phenylpropane dianhydride (here 
inafter "BPADA) in 6.28 parts (196 mmol.) of metha 
nol was heated under reflux for 2 hours and cooled. 
There was then added 1.08 parts (10 mmol.) of p 
phenylenediamine, to produce a polyether precursor 
solution containing 50% reactants. 
A portion of the solution was drawn down to a 2-mil 

film on a glass plate and heated in an oven whose tem 
perature was increased from 50 C. to 330 C. at a rate 
of 30° C. per minute, and then at 330 C. for 1 hour. 
There was obtained a film of a tough polyimide having 
a glass transition temperature of 229 C.; said polyimide 
was insoluble in methylene chloride, o-dichlorobenzene 
and N-methylpyrrollidone. 
A second portion of the polyimide precursor solution 

was aged for 62 days at room temperature. No precipi 
tation or gelation occurred during that time. Subsequent 
curing as described above yielded a tough polyimide 
film having a glass transition temperature of 228 C. 

EXAMPLE 2-5 

Following the procedure of Example 1, storage stable 
polyimide precursor solutions were prepared and were 
converted to polyimides. The details are given in the 
following table. 

Dianhydride, mmol.: 
BPADA 
Pyromellitic dianhydride 
Diamine, mino.: 
p-Phenylenediamine 
m-Phenylenediamine 
4-Aminophenyl ether 
Endicapping monoanhydride, mmol: 
Phthalic anhydride 0.6 

68 Methanol, Innol. 84 204 194 
Precursor son, % reactants 70 50 50 50 
Polyimide Tg, C. - 240 249 215 

Two control experiments were run, using the same 
procedure. In Control A, 10 mmol. each of pyromellitic 
dianhydride and p-phenylenediamine and 102 mmol. of 
methanol were employed to produce a polyimide pre 
cursor solution, in which an insoluble precipitate 
formed after 5 minutes. 

In Control B, 10 mmol. each of bis(3,4-dicarboxyphe 
nyl) ketone dianhydride and 134 mmol. of methanol 
were employed. An insoluble precipitate formed in 
about 2 hours and was removed by filtration. The fil 
trate was drawn down and a polyimide film was formed 
as in Example 1. Said film was brittle and could not be 
bent back on itself. A second portion of the solution was 
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aged for one day and converted to a polyimide, which 
was cracked and very brittle. 
What is claimed is: 
1. A method for preparing a storage stable polyimide 

precursor composition which comprises blending, at a 
temperature up to about 50 C.: 

(A) at least one diamine selected from the group 
consisting of m-phenylenediamine, p 
phenylenediamine and 4-aminophenyl ether; 

(B) tetracarboxylic acid diester of the formula 

(D 
O 

C-OZ 

C-OZ2 

O 2 

or a mixture thereof with a tetracarboxylic acid 
diester of the formula 

O O (II) 
I 

CIOC Z2O-C C-OZ2 

O O 

said mixture containing up to about 50 mole per 
cent of the diester of formula II; and 

(C) an amount of at least one alkanol of the formula 
ROH to provide a solution containing reagents A 
and B, or any reaction products of any of reagents 
A, B and C, in the amount of up to about 80% by 
weight; 

wherein R is an alkyl radical containing about 1-4 
carbon atoms, Y is a linear or branched alkylene 
radical containing about 1-6 carbon atoms, and one 
of Z1 and Z2 is R and the other is hydrogen. 

2. A method according to claim 1 wherein reagent B 
is prepared by reaction of the corresponding dianhy 
dride with at least one alkanol of the formula ROH. 

3. A method according to claim 2 wherein about 5-30 
moles of alkanol is employed per mole of dianhydride. 

4. A method according to claim 3 wherein reagent B 
has formula I. 

5. A method according to claim 4 wherein the com 
pound of formula I is a diester of 2,2-bis(4-(3,4-dicarbox 
yphenoxy)phenylpropane. 

6. A method according to claim 5 wherein R is 
methyl. 

7. A method according to claim 6 wherein reagent A 
is p-phenylenediamine. 

8. A method according to claim 3 wherein reagent B 
is a mixture of a diester of formula I and a pyromellitic 
acid diester, the former being present in the amount of 
at least about 50 mole percent. 

9. A method according to claim 8 wherein the com 
pound of formula I is a diester of 2,2-bis(4-(3,4-dicarbox 
yphenoxy)phenylpropane. 

10. A method according to claim 9 wherein reagent A 
is m-phenylenediamine. 

11. A method according to claim 10 wherein R is 
methyl. 

12. A storage stable polyimide precursor composition 
prepared by the method of claim 1. 

13. A storage stable polyimide precursor composition 
prepared by the method of claim 4. 
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6 
14. A storage stable polyimide precursor composition 

prepared by the method of claim 5. 
15. A storage stable polyimide precursor composition 

prepared by the method of claim 6. 
16. Astorage stable polyimide precursor composition 

prepared by the method of claim 7. 
17. A storage stable polyimide precursor composition 

prepared by the method of claim 8. 
18. A storage stable polyimide precursor composition 

prepared by the method of claim 9. 
19. A storage stable polyimide precursor composition 

prepared by the method of claim 10. 
20. A storage stable polyimide precursor composition 

prepared by the method of claim 11. 
21. A composition comprising: 
(A) at least one diamine selected from the group 

consisting of m-phenylenediamine, p 
phenylenediamine and 4-aminophenyl ether; 

(B) a tetracarboxylic acid diester of the formula 

(I) 
O 

C-OZl 

Y o-EOI s C-OZ2 

O 2 

or a mixture thereof with a tetracarboxylic acid 
diester of the formula 

O O (II) 

Zlo-C C-OZl 

Z2O-C C-OZ2 
I 
O O 

said mixture containing up to about 50 mole per 
cent of the diester of formula II; and 

(C) an amount of at least one alkanol of the formula 
ROH to provide a solution containing reagents. A 
and B and any reaction products of any of reagents 
A, B and C in the amount of up to about 80% by 
weight; 

wherein R is an alkyl radical containing about 1-4 
carbon atoms, Y is a linear or branched alkylene 
radical containing about 1-6 carbon atoms, and one 
of Zi and Z2 is R and the other is hydrogen. 

22. A composition according to claim 21 wherein 
reagent B has formula II. 

23. A composition according to claim 22 wherein the 
compound of formula I is a diester of 2,2-bis(4-(3,4- 
dicarboxyphenoxy)phenylpropane. 

24. A composition according to claim 23 where R is 
methyl. 

25. A composition according to claim 24 wherein 
reagent A is p-phenylenediamine. 

26. A composition according to claim 21 wherein 
reagent B is a mixture of a diester of formula I and a 
pyromellitic acid diester, the former being present in the 
amount of at least about 50 mole percent. 

27. A composition according to claim 26 wherein the 
compound of formula I is a diester of 2,2-bis(4-(3,4- 
dicarboxyphenoxy)phenylpropane. 

28. A composition according to claim 27 wherein 
reagent A is m-phenylenediamine. 

29. A composition according to claim 28 wherein Ris 
methyl. 

is 


